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TeTRIDUCTION 


The developecat of microwave electronics equiceent during 
orld Gar If returned the orystal rectifier to a place of prowinense 
in the field of elestreniecs. ‘here is at present no component in 
the development stage that will lessen the srystal reotifier's 
importance. } 

Many types of aryatal rectifiers have been developed in 
the cast ten years, meng theee tee bigh sensitivity, low burnout 
18238 is probably the sost widely used, Though used primarily as 
& Simer crystal, it is also used as a low-level detector with good 


reoults, Sowever, a search for spesific information in the low-level 
video characteristics revealed very Little useable in ormation. 

In thia paper a summary of the general theory of Low-level 
video crystals is given, foilowed by the experimental determination 
of the low-level video charasteristics for the IN232 erystal. The 
experimental results are summarised, and recommendations as to the 
proper wee of these crystals in voltage and power amplification 


units are «iver. 
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8 
OUTLING OF THSORY OF GATSTAL REOTIPIRES 


@iple (2, 27, and &)« 
A typieal erystal reotifier unit is show: in Figure 1. 
Figure 2 gives the conventional polarity of crystal cartridges. 
The unit depends for ite action on the electrical eharacteristice 
of the semiconductor. 


A semleondustor is a substance which offers low impedance 
to the flew of current in one direction and high impedance to the 
flew of ourrent in the opposite direation. Rectification results 
from the presence, in the semiconducter adjacent to the setal 
whisker oontact, of a potential barrier or hill which current 
carriers, electrons or poles, must overcome in order to flow across 
the eetal-semiconduetor junction. The low impedance direction is 
that in whieh the carriers flow from the sesiconductor to the setal 
whisker. 

If a voltage is applied to the rectifier in the low 
impedance or forward direstion it tends to reduce the potential 
berrier and thes lower the erystal impedance. If a voltage is 
applied in the reverse direstion it tends to increase the barrier 
layer and thue inerease the impedance to current flow. A typical 
voltage-current curve resulting from thie action is shown in 
Figure 3. 


® Parantbesiaed numbers refer to the bibliography. 
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FIGURE 1. -CEeRrArtic CARTRIOGE 


oo CARFRIOGE 


=| ae | 7 €QUNALENT DIDDE 


PIN GASE 


K a€.——— (ONVENTIONAL SYMBOL 


FIGURE €.-Carrrioce PoLaRITY 


Pe ee ee ep r] er 


| 
a 
S 
| 
| 
| 
| 
| 


Sienretr stl pecs 


sai i 
| 


Te 

[ 

| 

; 
ae Ba 9 
+0.2 

i 

| 

| 
“ 

| 

ce 

| 


ei fae ag = ae : weary Ny) doles eee om 
: 7 oa |. Meee |S ae a Srey =) beget ae 


he ' | 4 ~~) 
bs 5 era age aa pe = 5 fe ene Se ee be LES SS EE + id ooh PB 
abby ieee Ree 8 bere rhb - ote . : 7 tet be BR = 
1S heeerias ot recs} 2 ee Le | } 
EUS T SM Pe S S  Rso cd oBe ieee 
es Oa a ees ee 
' 


| 
’ 
ed 
t 
7 
bey Fy 
ifr Farad 
J 
‘ 
' 
/ 
= = 
} 
t 
: 


4-—5~- 

[ 
| 
| 

| 
} 
| 
Te 
} 


4+-— aa 
i 
ia 5! 
| 
L 
\) 
| 
| 
t 
| 
| 
| 


{ 
a 
an 
ies 
rs -¢ 
SP PBA BSS 
it 
f 
in RA - 


+_ 
sli 
a 
ole 
1 L 
2: 
pie 
} 
ee 4 
"0.9 


Teak po de ete eee ; ' 
(emt eta eget eet ot fey 
~lreeeloey: cise]. | ae Se geal eta | a er : 
Fs asl ee eg Eee ii ao) { | Riis | ! ; : ‘ | Gabor Sar 
mite ete a eo tet est a tee 
i SS es hana ! tiie | i pine ear) raed Oa ee | 


We Se a ee ee eee Be oe nt et —— sae 


Fre See 
| 


i 
: 
oa aes 
} 
| 
| 
4 
— 7 
ea ae 
tr 
| 
in 
| 
} 


n 
«ay 2 
ie 


t ee 
! 
he 
1 
t 
TERISTICS. 
t 
! — 
{ 


ws 4 
| | 
i 
| 
t 
= ' 


' 
+ 
| 
| 
| 


pfs 
' ‘ 


| 


= ae ee eet —— + f+ rt 
: ; ; } : T 
3 / | 
b | 1. “moe H 5 t ‘ r 
ake 8 | Sas Seay Rae ee | DS Sm piece) RAS Dd A fo be O Retell Aisi 
, | 


7 oar = ; ; 


} 
i. sees Sees ee 
ABS eee oe ee ee By fe | ! pict are 


; 


| 
heat 
Ries rote 
Elasatt 


Fact ESB ST AS 
L 
Iseaetet 
| 
CersTAs Vostace- 
Sane ae eee 
| 
| 
| 


| 
sie in a 
Sai | 
So ea eee 
+ 


' 
, ; 
I H i 
: ' : ‘ 
‘ ; 
| | ‘ =} : ‘ 
S| Re EEE TS Sie, LE 


SRE a sant 32 sea a As de 


‘C. CHaRrAc 
TYPE (N@3ZEB CRYST: 


CRYSTAL NO. 3 
+r At 


' | | 
< { i - H : } : { 
}s ; He 2 iy j + / ; ; i ; ; | i 
> om hal pees ‘ eS ie pen / |. abt Peel See i Ee EK a PS - ab Rie oe BE oe : a: aos : ok Ee 
i ‘ , ; H ; H ] : : t | H 
‘ + } ‘ Ms ‘ i ; | ! 
: H i j +4 ; ; ‘ } \ A ; I / } 
‘ { t : H : Lee: i : =s| ; : j } / 
; ; dasdee mo in eee : o beens ooh ete eS ee oe SEE! BERGE Biset ries | 
' 1 T re” ; ’ ; | t “ ; ; : | 
' “4 j H : t t H i ' H ; ; t ; 
ott me (peel ees (a it i : ' Pay j / 


t 
pet 
+ 
==" = 
| anes EER Mee at 
‘ ; : 7 


— a eee SETS 


p (lL, 2) 


linearity of their voltage-current characteristics. A detector is 
called a square-lav detector «hen ite voltage-current characteristic 
at the operating point can be approximated by a parabola. 

| The output of the square-law dotecter will be somposed of 
@ deo component and an a~o component proportional to the square of 
the inpat voltage for eash frequersy component of the input plus 

the sus and difference frequencies of avery possibile combination 

ef frequencies in the input signal. The sagnitude of the a«a 
socponent in the output will be proportional to the second derivative 
of the characteristic curve at the operating point. Maxisum output 
will be ovteined when the operating point is the point of wexieun 
eurvature of the voltage-current characteristic curve. The operating 
point may be adjusted by usans of the bias voltage. 

The Kqutvalent Girouit (2, 5, and 6) 

The generally accepted equivalent circuit of the crystal 
restifier is shown in Figure 4. This is the simplest possible fore 
and is based on the ageusption that the whisker wakes single-point 
Gontact with the silicon sealcondusctor. 

The carrier resistance & is non-linear. lt decreases 
with application of forward bias, and increases with reverse bias. 

The spreading resistance r is the resistance of the 
senisondustor-uetal contact, and i# caused by the constriction of 


current flow lines im the sexisonducter near the whisker contact 
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FIGURE Z. -Fouivacent Crecuit oF 


A Crystat RECTIFIER 


FIGURE §5.-VotTace Generator Ciecuit 


of A Woro CrysTAL 


point. If the contact ia considered to bs circular (4), r is 
given by 

eye ee 

ta 4ra 


(ofmea) (i) 

were T i the sesioondustor condvetivity in (ohm-cm)~! and a 

iw the radive of the contact in contineters.> 

The non-linear barrier capacitance © is a resuit of the 
atopage of charge in the boundary layer. The value of © at sero 
vies is approximately 1) eicromiorofarad. it is relatively 
independent of variations in applied voltage (271). 4t nigh 
frequencies © avte a9 a bypass te A. At video frequencies © 
playe po isportant part in the restification phenomenon, 

Shen @ orystal ie operating as a square-law deteoter it 
is gonvenient to represent it as a Cour terminal network in which 
the video ami slerowave terminals are considered isolated frea each 
other (7). Sdnee the atorowave energy source is not affected by the 
output lead, it ia possible to represent the crystal a2 a voltage 
generator of output veltege 4, proportional te the input power, and 
an iotercal resistance of 8, = B +r. This is shown in Pigere $. 


Ny and 2, are obviously beth functions of oryetel bias, and thus 
this voltage generator concept is good only for the oias specified. 
The lead is sonnected as shown in the figure. 


* See Appendix © of (7) for the epreading resistance of an 
elliptical contact. (&) discusses the knife edge contact of the 
British “Zed Sot" crystal. 
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Lowelevel Properties 
Prom Figure & it is seen that the cutout impedance of 
the orystal is 


/ 


fT Sey Se (ohms ) {2) 


a 
ah video trequnatien the, “term $0 anall cenperad to 4. « Thus 


Z2=rt 


the video impedance becomes & pure resistance and is given by 


Z= RK, xeR+r (obma) (3) 


The current sensitivity of « orystal B is defined as the 
ratio of the short cirsuit rectified current to the absorbed 
misrowave power, 


B- (ntareosneres) (h) 
P crowa’ 

Beringer (7), and Laween et al (14) have shown that the variation of 
B with vias say be expressed as 


[ 
= Pe ,¢ ee (5) 
jertr 
where Kk, vr, and © are as previously defined, and [Re ie the current 


sensitivity at sero bias. 

The oryatal detector is a nolee generator as well as a 
microwave converter. eringer (7) bas derived an expression for 
the output signal-to-noise voltage ratio of a erystal~video receiver 
im which he defines a quantity called the Figure of Merit, #. 
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The output signai-to-nolse voltage ratio is given by 


, es a (6) 
Ly VAkTBE(2t+R,) 


Signal voltage output 

Solse voltage output 

Equivalent seise resistance of the receiver, set dy JAY 
epesificationg at 1,200 chus. 

Boltenann's constant, 1.36 x 10°23 Joules /%x 


epee, Pot 


From Equation 6 all the crystal parameters are lumped tegether by 
Beringer and called tue Figure of Zerit, 


us fee (7) 
Viet +R 


Smith (25) nas shown that t ie approximately equal to 1.0 within 
the bias resion used in the following experiments. The value of 
1.0 will be used tareughout the pager. 

Yrom Seuatien 6 it is seen that for # clven receiver 
operating at a constant temperature, ami for a specified signal-to- 
noise voltage output ratio, 2 is inversely proportional to P. 


Ms (8) 


2h. 
fe 


* Gy definition t is the ratio of the available noise power output 

of the crystal to that of a resistor at room teuperature. Though 
is rot a temperature, the term “noise tesperature” is commonly 
3e 
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TEST SQUIPRENT 


In Figure 6 is shown a block diagram of the test 
equipment. 

The sicrowave generator is a calibrated output 15-13/a?, 
operated square-wave acdulated. 

The audio amplifier is a high gain, wide and narrow band 
TAA~LGEAS. 16 wae operated narrow vand and amplified only the 
fundamental of the crystal output pulse. The input transformer was 
by-passed, and the output from the orystal loading circuit placed 
on the input gain control. This input circuit arrangement gave an 
input impedance to the amplifier of 0.5 megohas. The 616 output 
rectifier tube was resoved and the signal normally applied te its 
plate was seasured by the lewlett-Packard Yodel 1004 voltmeter. 

Im determination of the Figure of Yerit the TAA~1684 
was replaced by a Gallantine volteeter Yodel 300 whose input 
resistance is 0.5 wegohns. Also a Dulont Yodel 208-5 oscilloscope 
was veed as an output indicator in plase of the Hewlett-Packard 
voltmeter. 

The cireuit used to bias and load the crystel is shown in 
detail in Figure 7. To keep noise pick-up to a minimum it was 
necessary to place all somponents enslosed by the dashed line in 
Figure 7 warked chassis in a sompletely enclosed setal chassis. 


# 4 cireult diagras of tuis piece of equipment say be found in 
"Technique of Microwave Measurements", Kontgomery, “eGraw-iill 
Book Company, p 501. 
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The lead resistance 8, had a built-in shield and waa connected to 
the setal chassis by @ coaxial cable. &, was a non-induetively 
wound deaads resistance box with a maxisue resistance of 190,000 ohms. 
The siorewave power wae <-rried froe the T5-13/aP by means of 
standard 3 om. band waveguide to a variable-tuned 3 cm band crystal 
helder seunted on the side of the olasing cirevit chassise, The 


eutout terminal of the crystal bolder was inside the chassis. The 
effective sicrowave input tersinals are giown by the diagonal lines 
in Figure 6. 


* Por detailed draring of orystal holder see page 353 of (2). 
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TEST PROCKOURE AND RESULTS 


Since it is possible to represent the video erystal as a 
voltage generator with an internal resistance, it is apparent that 
waxinun power transfer to the load resistance will ossur when &, 
equals %, provided 2, resaing constant. The detersination of the 
variation of i, with cower level and bias is based on this saxioun 
power transfer principle. five arystale were shosen at randoms 
from the available suoply so that « seasure of the variation to be 
expected from srystal to crystal sould ba detersined*. All eryetals 
were of Sylvania design and manufacture. 
¥ hes Fith Power Level 

the first experinent was desicned to detersine the variation 
of &, with variation in the sicrowave power input to the erystal. 4 
bias current of 10 sicroasperes was out through the crystal and the 
load varied for a constant input power of 30dbm (desibels below a 
milliwatt). The ovtpyt voltage shown on the Hawleti-Packard 
volteeter was recorded. The above procedure was repeated for Laput 
power levels of LOdbm and hSdbm. The results of all three power 
Levels are olotted in Figure 7. 

To deteraine RL it is necessary to find that value of By, 
which sakes the power transferred tc the lead a waxisws. ‘This is 


Gone by deteruining the point at wiich @ line of constant power 


* For identification purgeses the tryetals used were assigned sumbera,. 
Thase numbers apoear on the gurvas throughout the paper. 
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ie tangent te the desired evwrve., The point of tangeney will be 
at that value of &, for whieh the power in the lead is 4 waxioun. 
A line of sonestant power {s shown in the figure for referenes. The 
vortical marks on each curve show the pointa of tangency. Rr, at 
this potot ie equal te #8, for the bias current used in the experiaant. 

From Figure 6 it is seen that the variation of erystal 
resistance is negligible for power input between 0.03 and 1.0 
wisrowatte (5dom and 30dya). The remainder of the experiuents have 
been sevdusted at the 0dbs level and the results ara considered 
valid for the entire elerowatt region ($0dbm to 20dbm). 
¥i Keg #ith @ 

The curves of Figures 7, 10 and 11 were obtained for bias 
eurrents of 6.0, 5.0 and 10.9 eloreamperas respectively by varying 
the orystal load resistance and reserding the cutpyt voltage ae 
read on the “ewlett-Packard volimeter at constant power input. ty 
determining the point of tangency of the Line of constant power, we 
ean as before get the valve of f,. The points of tengensy are 
indicated by short vertical lines on the curves. The valve of Ry 
ie shown by vertical Iices near the bettes of the Figures, the 
value being read om the R, scale. 

A seecnd ceane of detersining orystal resistance-bies 
eharacteristics is the halving sethed, If the open circuited 
voltage of Ticure 5 i# bnewn and Ry fa adjusted to give an output 
voltage of one balf the open sircuited voltage, application of 
Thevenin's Theorem shows toast i, is equal to BL. Computations 
show that the saxinon expested error in deternination of a, vy 
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This halving sethed is 3 persent and ia due te the inpot resistance 
of the awplifier rot being infinity, set 509,000 ohms. The results 
of thie procedure are tabulated in Table I. ‘sing this data the 
serves for erystals nuxber 3 and 5 were plotted and are ssewn in 
Figure 12. 


Current Sensitivity 
Prom Squation hy, 
A= pr (9) 
Refewing to Vigure 5, it ie seen that, 
(@,+€) - 
i a aaa: (10) 


if 8, 19 set equal to sero in Figure 5, then, 


(h1) 


iquating Zquations 9 and 11, aod aubstitutiee Equation 16 for 
fy gives, 


p* as Y (12) 


If % is set equal to Ry, then 


8B) ie (13) 


VE and Ry, for the condition that &;, equal Ry, are given 
im Table I. Using thie data and "quation 13, the curves in Pigure 13 
were plotted. inse i, is not a funetion of power level in the 
aisrowatt regien the eonstant [e) acts only a8 a linear acale 


factor fer the curves, 


seandoleen snqsl od od ssh At Sas onioteg € at Botton gnrvtad ate 
adiones eft sosio 000,008 tos gyeinfIn? yaled Jon ERAGE ade 2e | 
edd adeh olds gate? AI adda of hetaluvpt exe ewherorg atid Yo 
Se A Lie i Lead ae 


| 82 org 
| eee anes taeree® 
| et eotterp mat 
(@) mt, a 
(eae erm oh th R engl of pedestat 
| (S49) 
ree ATA 


qaedd .2 ewytt af ome of faupoe dea et 


(£2) ** . 
pen liao! 


2 


hot Of mettanp® galtudhtedua tos ff bas © eaottanpl yabtacpt 


amaviy yt 

isn ye oh 
Godt 8 of Loupe dou sb gf Ut 

(a eX (S)\-0 


auely ote 4,9 Levpe pt fed? wold thao od) wot _ if bee 5V 
Ei ewylt ai worwe odd all nobtacpt bas atab sine galt .f ofdel af 
edt nt invel weog Ww solteww? 8 tor i ,? quntS ,betédlq eve" 
aiace ‘wonti a ae yino ates ener oh! netyet Sdexo% la 


-vewwe edd vol sodon? 


ah 


LINIAID INF? FF © ZFLY PINWLSISTIS GWOT WLOAY) «= Yy s ty 
SIVISHWOVYDIWN NI LNFAAYND SW/J = T 


6s° O67 CF' OO'E OS’ OL'E Of° OL'F = tb’ 09'e ©0'00) 
1$° Org po’ Ore gS. O6'E Zeb S8Z tb 03’L 0'06 
SS’ SEE St’ SEE LS Ofb> 6b OVE Ob Ol'b 00g 


29° OL’¢ 86S" OL'¢ > es O9b 13° Ogee ES" SS'b O'OL 
/L° Ole ED Sie 99° O2'5 oS Sbe 6° oo'¢ 0°09 
£9" Sor bb OF-r SL os'¢s OL’ OL‘'¢ 69°. O&f oO'o¢ 
€o°'7 OOS 99° O1s¢ EC OLQ Ze 26°C oh 00'9 OOb 
Lit Obes 66' OL ‘Ss Ory OS'L SOL Slb bBo Me | ou7€ 
b9/ O29 S&l OF9 SPI 926 beg $96 le’l Ob'L 007 
LeZ@ ObL OFC OS'L O2°f SO pS ?Z Org = 09'2 OIG o'o/ 
ESL. OL'L OZ'¢ Oleg <Ob'b wor Pre aces. Sete ass SL 
OLb O98Q B8FbrF AbD OS'S orl “266 32:5 “95%  SL'6 O'S 
COL [90'G A229 BFE OOS O'// OFF $2'F OS'b SGL’E S'7 
91/4 O68 eo S$8¢ Stl SEE O€G O9'b O’ol Ob'$ o'o 
(a Ad ff - “Ot "7 *~Y "F 2 i a 2% 


L°ON TWLEAYFD GC 'ON TWLOAAD ECON VWLSKAAD FON PLOASD £°°N VWLEAAIP 


FINVULSISIAS TWLOALI 
tay 7 b/ 


aw @O Di 
7 7 g 


aie 
i - 


a 
er 


cM 
a - >, 

ay 
a 
> 


‘ial Bll er aja eae . Se ge Se | ne 


if i H 
BI 
| 
j 
gfe 228 
as 


Lue 


\ 
| 


7 Paepiaha eed 


\ 


a bh Bs LEB RRS 


| 
es 


! 


CTERI: 


Fees | 
: 
i 
° 4 ; 
! 
$ ; 
. + 
te 
CHARA 
| 7 


‘ 


4PERES. 


ones 
| 
| 


——+- + -——— 


aodbm 
VitRoAM 


2 Bie ee eet | \ t SS ices bast * 1 .O1 
saa eee te eae a sa Erato trace oc cl ts ns SS SE WES GER | HSE 3 
Et Plata bE + Soest ipke g q i voted tae tet of fe SE sa CORSE Sis ESET Fat ced ali ceed | peer hes ! aT 
ie Ree 1 Pep raleeiat {cme sto Pe focespe. 
eae | 5 nn ee oe eee eRenn eee 
Ea ee Bea id ee ae ft AY ae itd ae EE OE ES qiah te: Hes Ve won CONES fe ge2 = ba 
ast LL ; 2 = | t 


-L 


| | 
| | 
i 
ee 
| 
i 
| 
4 
! 
tc cstht 
t 
5 ra 
i 
ete 8A | 
' 
| 
| 
i 
' 
We Aes BS 
{ 
t + 
t ; ' { 
Eas AE? 
ret j 
_ Kes 
| 


I. 
ae 
STA 
Baki 
RENT. 


 MIKROWAVE POWER 


- ERYSTAL WO. 3 -O 
} 1 
| 
| 
+ 
—__——~4 


4 
| 
| 
i 
| 
| 
t 
1 
t 
t 
} 
{ 
t 


go 


a 
. Bras Cur 


<---—yp 4 


a ae rae "ao ear ae =u lee teary _+- Sas —-— a a i=, = — 


{ 
| 4 | de 1 + 

| ; bist i fi 

=i (res we Saf 4 it - percey Ciel 


| 
+ 
| 
| 
j= fe eae —- 
; T 


= 7 
i | i 
i be: a 
| . | ee te: | 19 
fe nies sists oe en ae ot pe hee og OSE 
/ * } ‘ | ' ! | 
Spel EES a : | Dee ESE tee ae 4 . ost + i 
age aes | Papel Poe perme eare Paste 
i = ic acs | Sates SALA tas 7 ia iad Sa os Bee 4-- +} -- Sa L =e eelnred ay TR Be a re at te at 
| { } i | | | { i | | i 
SS ees eae =} t— eae ts a ata ee cores es bes 1 } ny 1 
i agt, | | ea it ‘tees ce : 
tf are rc] 2 a ore leary Fae Peace atop et ee vey ae Le aaa T 
i { Fe ‘ : 
eee | badvees ooal Soe 
4 ate t =<} 4 me - - * 2 < = ~ = = ae 4 - 
= 3 Pet ES PEP NN pe CR Pe Se Mees Os tees ety 
sea arg Fa le 
iad PS ev Pm me Mme Sn mmm ES SES cs eT SR FHT SHRM aan =P eet FO EE 


Le he 


c 
; 


4 yh 


c 
& 


“%\ 


‘Ky 


up Swit? 


Me, WAX 


eave * 


ee A Bee. 


ss) 


ee ees 


j 
' 
t 
' 
; 


' 
SE oR SE SS CRS SM EO TS Es SUSE SR ec 


100 


j 
i 
; 
rales 
ets 
; 
EE ot 
f 
! 
'y 
: 


| { 
, ; 


{ 
+ 
, 
? 
cs ule SORT BEE AES 
’ 
‘a 
: 
+ 
Piatt 
bert 
‘ 1 ‘ | 
‘ 
= Hae seat tuck Sle Oe 
I 
e 
Lh SiS 8 PE 


. | if | 

| mega | WHoa. Tey a ere : fo 

i SEED 3 SOLES ee rest a5 - ‘ Eos nibed sibs deed MRUeE LSS | 1 

| “Bea net (aaa Gere | | q 

| E : | eyes ices att | | | 

) nan : eee ares ‘ee > x 

\, Sasenens unes cubes Sstus Urea bskes Gann WepuhNncs Wesenenm: | Ceashureah pueatubees Seay bunss nena’ peete ed GE tae SESE Seen ee et Setehs oe. S yy 
: ¥ i } t | Ls %&% X 

j . i ‘ | { | { | S : z 

: ‘e s { PE RN ba - = \@- ) eee Se of FS ae as Se t FerAS eae + : : sik P x oon ' nt aN Q 

| | | : a | Sek Ge, ia | i iS 

2 sea aaa bs Tae ee; as a eae ite agian sae Oa coy SRE “A 74 AY Ss = : “goaer bran -* y - 
: ! foe Nebo al SEE | | . 
eee | ee ARE: aba Eek rw Gabeeeats Reese Been pede Foe ~ i | bi 

-f2 24 = aes er | y= ; uf 2 

; Faded : ot : } ' « i ! G 
eseeeinenen nniannniens Suietehs o >< Giememennanet meenaeraecaneee tien .o “enteememmeerien a eratees eaeaneaaen coe Q 9 - / i ; i : Q Sites 
) N 

| Beet aa | E Cae ite! | | | ae My 


} 

j 

/ 

1 
pd & 

4 

} a 
! ! ' 

Fre 

i 
cp 

{ 

) 

, 

. 

T 

: 

1 

: 

| 

7. e 

4 

4 

: 

i 

’ 

’ 
zo 


t 
: 


{ 

; 
er ee es 

] 

' 

' 


i 
sat 


eS ae A SASS eA RE 


0 STE ate 


i 
4.0 
re 
~2 
i 
0 


nee! Gees i a 


eS ene" cae eae ee 

Se Sa OSes) ae nos SSS Caeeaes Se kw ade = AS) RS e cD eins tre aie OES ee a Ae ee | Soh phdiinte hi rage tainas 
ae . ie “Ey . i H ; : ) 
t — oh Ss Miieneak 5 ; ve ies —— Ss be 


os 
; 
J 
} 
! 
If ht t 
i H <2 
42a ee 
Tt 


igo 
! 


BE 


: 21+ sao rs 


=a Epa Say Se TT 
eo hae ' 5 rie Be ; 
' : tes ' ‘ ‘| ee of: ; { iy ees | f ; 
=n WORE CRS CRS (ate ine nosed ae eee ee ene RoHS operon. es Sposa Se ayes ara ey" come 2 emer Ap ok TBs tokadeststn eETUEs | ee TER Me ESE SRE PEL 
. —_ EUGENE DIETZGEN CO NO 346 
NN 


MEYStAL Vt oe OL & : 

tal output voltage was investigated in three senners: 
1) by the variation of the bias current with the load as a paraneter, 
2) by the variation cf bias with the power input to the crystal as 
a paraceter, the load being kept constant at 2,000 ehus, 3) by the 
variation of the power inpet with the blag being taken ae a» paraseter. 
The resulte of these tests are shown in Pigures 1h, 15, 16 and 17. 


Variation of erystal output voltage for different oryetele 
was dotersined aa a funstion of bias. The resuite are shown in 


Pigere 18. 
Fariation of Crystal ower Output 


Tae data civen in Table I ia for the condition of aasiaua 

power transfer froa the orystal te the load. Froa this data (aQ)® 
ay 

was aelevlated and the resulting saximun cower tracafer curve is 

shows in Figure 19. 

Figure of verit 

Teo zethods were «sed to deteraine the variation of & 
with bias. The Mrat was by @ubstituting inte Equation 7, the date 
available in Table { anc Pigure 13. The results are given in 
Pigure 20. 

The gegend aethod was by experisentation based on the 
fact that for a given signal-to-noise voltage cutput ratic the 
Figure of Yerit le inversely oreportional te the power inget te the 
oryétal (See Squation &). To deternine | the bias current wae 


adjusted to the desired valve and the power cutout of the 15-134? 
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decreased until a signal-to-noise veltage output ratio of 1 was 
observed on the oscilloscope, The inverse of this power is Ki. 
The presedure was repeated for bias currents from sero to 100.0 
sicreasperes, The results are plotted in Figure 21. 
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Pigure 6 shows that the variation of eryatal resistance 
ie negligivle for power inpyt between 0.0) and 1.” sicrowatta 
(LSdoe to 30dom). ‘The results are sonsidered to be valid within the 
aierowatt region (SOdbe to 20dbm). | 

Pigeres %, 16, 11 and 12 give the veriation of erystal 
resistance with bias. At 10 micsreamperes the value of the resistance 
obtained is about 3,000 ohas, and the resulte given by the txo 
different methods are in goed agreevent. “orystal resistance 
deterained by the two rethods ot 0.0 and 5.0 sicroamperes bias 


surrent are oot in agreexent as is shown by the average values given 


below, 
Sies Surrent ) 6.0 §.0 
(microasperes ) 

Gryetel resistence 15,000 6,306 (ohwe) 


(aonstantepower-Line sethed) 
Oryetal resistance 10,600 hyf30 (obma) 
(halving metaod) 

The constant-power-line-tancent setoued is believed to give 
nore aegurote results. In csi: g the halving eethed, no allowance 
was wade for the inorease in the 60 cycle noise voltage developed 
by the crystal with the dearease in bias below 10 =i croamveres, 

Above 10.0 nicreaxseres the 60 eyele noise voltage was negligible. 
Selew this value the increase was of the sane order of magnitude aa 
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35 
that of tee ievrease in orystal resistance, If ie believed that 
this 60 cysle noise voltage increase te a crystal phecomencn 
eaused by the cresence in the esrystal holder of 60 sycle sagnetic 
fields. Shielding of the equipment gave no notiseasle chance in 
the effect. 

The shape of the curve in Pigure 1? sugeests a power-law 
variation of t, aa a function of bias. The nature of thie variation 
is olesrly seen by plotting the curves of Figure 17 on log-log 
paper as has been done in Figure 22. ‘Since the slope of the curves 


iz @ sonstant avove 10.0 sieroanperes, 
Alloy Kx) ig cu) 
Alloa T ) 
Taking the limit as , 
hog Kx) __ as) 
a (log T ) 


Converting oquation 1S to natural legaritias and intecrating, 


ba be ra ap (16) 


fe iy ie, (17) 


Selow 10.0 mlaroamperes bias current the exponent a is not « 


eonestant but is a function of the bias and fquation 17 takes the form 


wes aaa fai] é (18) 
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Prom Equation 16 the arystal voltage-ecrrent characteristic 
equation say be written as 
/-a) 
“er a? = C (19) 


where the exponent a ie constant above 10.0 mieroanperes bias 
current and « fonction of the Silas below this value. 

Figure 13 shows that the curves of surrent sensitivity 
as a function of bias current of 18238 arystals are parabolis in 
shape. for senditions studied, the saxieun is reached for a bias 
current of about 60.0 wicrosmperss. This result is in agreesent 
with data taken on other types of crystaia by Seyerhof, Serin and 
Yough (21). 
¥ 0 t 

Grystal voltage outgut is a function of the load and 
the bias as the reselte of Pigures ih, 15, 16 end 17 show. 

Froe Figure 1k it is seen that as the load is increased 
the voltage output increases and the point of saximue voltage 
ovtput woves toward sero bias. The locus of saxizun voltage output 
is shown in the figures, froa this it is sessible to interpolate 
the optimus oias eonditions fer the load inte which a erystal is 
operating. 

Vigeres 15 aed 14 show that the crystal voltage ovtpet 
varies oriticsliy in the negative bias region. 4 point of sere 
output is eeen to exist at approximately sinus 9.95 =‘ croamperes 


bias current. Yhia sero output point is seen to be near the point 
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oe 
of inflection of the deo characteristic aurve given in Pigure 3, an 
| expanded view of tho negative balf of the ourve Seing given in Figure 
23. Gloss inspestion of Figure. 23 shows the inflection point te be 
at approximately cinva 1.0 aloroauperes. 
| «In Pigure 17 the wlépe of the curves show that 18238 
oryatals are very nearly square-law reotifiers with!: the region 
tented. For the 2,000 obs lead wsed the maxisum voltage output 
condition (a show: to be at 36 siecroasperes bias current. fhe 2,000 
bm load aurve in Figures 1h and 2h show a maxinun at approximately 
thie same olas current. 

To deterwine the validity of the above data for use with 
wide band aupliffers the TAA~160A was replaced by a Ballantine 
voltmeter and desade awplifier, which had a band pass of from W eps to 
300 Keps, and the information oresented in Figure 1) was repeated for 
this wide band case. Tho results are shown in Figure 2h. Somparison 
of Figures 14 and 2k show that the results of the wide and narrow 
varel cases are in agreement. The linear scale factor between the 
ordinates of tne two seta of curves is due to the difference in 
auplifier gain. 

From the abeve digeussion it is seen that if the orystal 
outpet ie to be voltage amplified, sarrow or wide band, it is 
necessary trat the erystal load oe ax Large as poeasible, and that 
the bias be very sear or equal te zero. If it is necessary to 
operate a crystal into a voltage amplifier whose input resistance 
is below 50,000 ohms it is advantageous to blas the crystal. 
Interpolation of the wsaximux voltage outout curve in Figures 1h and 


2h gives the necessary bias for the load to se used with the erystal. 
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Naxinus outout power ia a funetion of the crystal oias 
as is shown in Figure 19. The saxisum output power bias conditien 
for all crystals tested is in the region of 30 wicroasperes bias 
ourrent. It is of interest to note tuat at this bias tee erystel 
will be operating at 4 near sasimum signal-to-noise voltage output 
ratio as will Se shown in the next asotion. The slepe of the 
power output curves below 20 sierosmperes indicates that control 
of the bias is necessary. | 
Figure of werit 

There is a wide discrepancy in the Figure of Merit as 
detersined by the two sethods, soaputation from narre« band data 
and experisentally for the wide band case, 

Prom the narrow band Figure of Yerit curves (Pigure 20) 
it ie seen that best operation is te be obtained at about 20 
misroasperes bias current. ‘This is reasonable singe the eurrent 
sensitivity curves show a sisilar inerease. Tt is to be pointed 
out that there say have been present the effect of the 6 sysle 
noise voltage below 10 microamseres whieh could aceount for the 
large drop in ® in this region. 

Im taking the data for Figure 271, care was taken te 
insure that the noise observed was not that due to 40 syeles. The 
69 syele noise voltage was nullified by superimposing the orystel 
output signal on the 65 oyole noise output and reading the superimposed 
signal-to-noise ratio. Yhough the sero diag edition shows « bigh 
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Figure of Berit the orystal should not be operated at this point — 
unless the amplification unit is capable of rejecting the 40 sycle 
noise sowponent and all its baracnics. 

if the 60 eyele noise voltage can be eliminated then 
erystal rectifiers can be operated at sero bias in sonfenetion 
with voltage amplifiers te give excellent signal-to-nciage voltage 
eutout sharacteristics. However, if the 60 cycle noise voltage 
san not be rejected in some canner then the crystal should be 
operated at about 50 eicroazperes bias current for went signale 
to-ncise voltage output ratis. 
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CONGLUS TONS 


The lead on the I8Z33 erystal and the type of auplification 
wnit it feeds determines the bias at which the crystal shovld be 
operated. 

fhe date conpiled in thie paper is believed to be 
suffioiertly accurate for we in design of unite veing IN238 
erystals as low-level detectors. 

Further work is indicated to determire the cause and 
effert of the 60 cycle noise voltage developed ty the crystal in 
tre sero to 19 aferoampere bias region. 
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